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3.1 Consider the 2x2 linear system: x+2y = -3; 4x+3y = 18
(a) Form A, x, b, and r[A:b1 for the patrix form Ax = b.

¢b) Find A™* and verify that X = A™'b is a solution.

(a) A = 1 2] ,x=|x1|,b=1] -3

[Azb1

1"
[N
s

I
(4%

by A7" = | -3/5 2/5 | @elly X = A"'Db - 9

4/5 ~1/5 -6

3.2 Do parts (ayand (b of Exercise 3.1 for: -2x+y = -1

3xX-y = 3.
(a) A = ~2 1 s X = X , b = -1
3 -1 y 3

CA:zb] = -2 1 : -1

OR 205 (H)




by A7 = |1 1| Aellu X =A"Db=1|2

3.3 Use Forward Substitution to complete [Lzbzel.

(a) O 1 ¢ 33 (b) @ -6
;(9 : 0 :

4 508 %k 4 : 3 201:0

L3
ol
o)
w

e

(c) @) -2

Verify that € obtained [in (&), (b and (¢)1 satisfies

Lc = b.

33 (a) C 11 :38:3 |--=d¢, =3

{1/3)10-023L3)} = -2

B~ ™|
U1~
[+>] [
WO
F- “
LX) !
[y
~
@ N
"maN

)

[:

it

€, = (1/6){4-[4 51[ 3] = 1/3

-2
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ATI37aUIN L& = b

L0 0 3 3
2 3 0 2 =10
4 5 6 1/3 4

L ¢ b

13

33 (h (::) 60 -l --> ' = -6/6 = -1
2 )

5@ : 3 = & (/) (3I51L-11F = !

3 2®=0:-1 3 {0-[321[-11} 1

L b ¢

oo
et
1

n

AT237auI1Le = b

!
6 00 -1 -6
540 2 = | 3
321 -1 0

L c b

-2/2 = -1

3.3¢e) E; S A N S
-l (\ {-1-001C-11} = -1

, =(1/3{2-[-2 01 [-u- =0
-4

o ™ O
H
! —
(BN
o o —
& “~
(4] ol
o
I

¢ =(1/2){-1-[0 1 11-t




A71138U791 LE = b

2 0 0 0 -1 -2
0 t 0 0 -1 = -1
-2 0 3 0 0 2
o 1t 1 2 0 -1
L ¢ b

3.4 Use Backward Substitution to complete [Us¢:zX].

- - -

o [®

4

(b | 1 5 -3 : -10

5 4 :
<92:0: 1 -2: -5:
@:3: 13 2 :
- U c X - i} T x -

(c) 1 2 3 4:5°¢:

L U ¢ X

Verify that the X obtained Cin a), b) and ¢)1 satisfies

(.1
Sa) Ei)s 4 ;173 (. - areu-rsal sl = 13

(1/3){0-[2I031)3=3 -2

)
o
© o =

R
My

NN

1

e
5]
>
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AT3FAUIT UX =

c
8 5 4 1/3 4
0 3 2 -2 |l=1|0
0 0 1 3 3
- U - X - ¢ -
-1
Wby |1 5 -3:-10: 1 x, = -10-[5 -3][ 2] = 1

-5-[-21021 = -1

=Y
1
[a~]
"
¥
a
"o
!
—
LA
[\
I

X, = 2

1 5 -3 1 -10
0 1 -2 -1 = -5
OO0 1 2 2
U ¢ x c
0
2
it e) 12 3 4:5¢: 3 }?; = 5-[2 3 41b-qd = 3
15 6:4: 0 (‘5{'2= 4-I5 81p 24= 0
1 7 5 2 gk‘a =-5-[71[-11 = 2 [-1]
=101 -3 %, = -1
- u t % J
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RT3 UX = ¢

L2 3 4 3 5

0 1 5 6 0 |= 4

0 0 1 7 2 -5

00 0 1 -1 -1
U x ¢ -

3.5 For the A matrices given in a)-d), show that the
Triangular Decomposition Algorithm with (i) Basic
Pivoting and ¢ii» Partial Pivoting yields the indicated
LU-Decomposition.

Find 4 in a)-d) for <1 and (ii). (A 82 A f1luRawi

row interchange)

wALAR 38 (i1) finfnwaRasiniam A uiadan pivot swifnas PP
] FA) » AN
(1i18u7 4 uamd L\D

55(a) 02 1!
A= |-1 1 |
2-1 3
4
(i) Basic Pivoting (ii) Part ial Pivoting
El -1 0 f;;_—_a- e -1/2 372 _fl—e—_" Fa
AT A AN ,
AU ={ 0 (2) 1/2 =0 ]2,
2 1 (52 -1 126/

OR 205 (H) 27



3‘5(})) 1 2 1
A=12 -1 2
0 -1 3
( ) Basic Pivoting
r 1
D 2 1
A
L\ = 1 2 {-5) 0 |=1L\U
o 1 (3
56(c) o 2 14
A = 1 -1 -2 0

(i) Basic Pivoting

A
I\U =

28

@H-1 -2 o,

0o {9 172 2
2 2 @ 2/3

.

(ii) Partial

-

@-1/2 1

1 {5 0

/
01@

Partial

L. -

Pivot ing

Pivoting

OR 205 (H)



3.5 (d)

(i) Basic Pivoting

I\ = [0 @

3 O

AA L

(a), (by uaz (d) Tniindne1nniag

3.5 (¢) i) Basic Pivoting

0 -1-1

(D 0 -2

0

1

2

n-3/5

{
@

2715

Phase 1
A = aQ -1 —2 4)
2 0 6
-1 3 0
|
i
°|
L\U =] 1!
i
2 |
_1 l
L |
OrR 205 (H)

{ii) Partial Pivoting

-L1@ o

Phase 2

@-1 -2 o

0|()|1/2 2

2] 2 | ()I__zlq_

.ﬂ

“1l2 ) -1l

Fig=ts

>

>
-~
o>

29



A
i: collL =

col,A = CO () 12 -11v

HRY row 1 HA¥ row 2 (H1@a Phase 2)

=> =2

24

>

34

Lag

30

A A
u i

= 2-[010-11
= 0-0210-11

]

1a

3-C-11C-11 =

= (1/1)[-1

2

-2 01

= (172)(1-[01[-21) = 1/2

= (1/2) (4-[21001) = 2

=0 -« c2 2lp -2 = 3
[ 1/2]

=2 « C-1 21 = -1
[1/2 '

= (1/3 (6 - 2 21[ EL) = 2/3

=0 - C-I

-11

~10/3
273
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3.5 (e) iiy Partial Pivoting

-

2

(1/2)10

Phase 3

-1

@ o

f

1|-1

-1y’

0

1 -1 -2

0O O
3 2

2 1 ¢

¢ 3

r == =~
G s
ol 21-1731 |

e
|

61

Phase 1 Phase 2
0 2 1 4 2 0 0
A=| 1 -1 -2 0j4=>| 1 -1 -2
2 0 0 & 0 2 1
13 2 0
| | 103 2
I I
0 | @0 o 3
- - -
L\U=| 1 ! =7 11-1 |
~ |
S/
"1 1@
\ |
A
m - 1: colL-= collA = 0 1
dRU row 1 UAY row 3 (#i1@a Phase 2)
A A N
[u12 u, . u, 1=
A
R=2:1,, = -1-[01(0] = -1
N
i”z = 2-[01[0] = 2
l,e = 3-[-11[01 = 3

qAU row 2 War row 4 (H1@a Phase 3)

c> g=>

1

24

OR 205 (H)

(1/3)(2-L-11001)

(1/3)(0-[-11031) =

2/3

1

!

-->

)

Phase 4
2 0 0 &6
A
-1 3 2 y|=A
1 -1 -2 0
0 2 1 ¢4
®:0 0 3
-1|®!| 2/3 1
|~
1|-1'3/z

0 2:-1/3
Ao
= L\U
CO 0 31

&

31




32

3
1
w
— >
n

A
m= 41 = 4 -0 2 -1/31 1

1~ 10 21[ 0 = =173

1 = -2 -Cl -11 0 = -4/3

43 [ 2/3 ].

& U row 3 uaz row 4 (vivda Phase 4)

Vaa = LU (-4/D1¢0 - Cl -11[ 3) = 3/2
11

572

44

3/2

3.6 Obtain Q and A from the given LU-Decomposition.

Show work.

@ S T
A A
L\U = 0@ 1 12;313

30D

. 4 N A w A AN ™ A A
[Hint: i#8u L uar U naw 4anw1 A = LU Clysadugadnnr g LD

1 . - . ] A
Aa'lmn A Taan1 row interchanges in reverse order Au A

] . 1 .
RANT (p, 20 ,) 08U UWRIMN (5,00 )]

) 0 0 14
T=lo 2 0], T=1_0 1 1
-1 1 0 0 I

OR 205 (H)



;
) 8 ! ) 8 2 131
Aoto= |0 2 2] = L g j - |2 8 1
131 J 0 2 0 2 2

3.7 3miuRing A 1u (a)-(d) 18988 3.5 9m1 det A Tas'ﬁfg‘m D8

- AN e . . . H . s .
A mTu L\U ’1anedaq pivoting strategies r3nny (i) uas (i3

'i'mg\’a'x det A = (nl)ﬁ[product of the pivots of Ii.\i\ll

- - - - 0" prl Y R
# = 72 row interchanges ntata LXU'

(2) (i)det A = (1) (-1)(2)(5/2) = 5
(ii) det A = (-D* (W2 (5/4) =5

(b (i) det A = -H° (D5 =-15

(ii) det A = (-1)7(2)(5/2)(8) =-15

(¢) (i) det A = (-D (DD (-10/3) = 20

(ii)det A = (-1)7(2)(3) (-4/3) (5/2) = 20

(d) (i) det A (-1 %1 (2) (5)(TI5) = 14

(ii) det & = (-1) ' (3)(2)(-5/3)(7/5) = 14
—1 o 4 [N o
3.8 AIW1 A FRYLNATAY A u a)-d) ®asda 3.5 TAatfign1ilu

ar Fal
8 3.6C Taa1f T\ 37 partial pivoting

4 _ : .
LWEtR A7Y udwdRINITRTINEELAIE (HuRauERNdn AR = 1)

OR 205 (H)




3.8 (a) 0 2 1

am (a) ii) ua 3. 5

(::)-1/2 372 | 4,0,
o ()

2 )

I . AN A A -
d179Forback matrix CLAU 3 I_ 2 C : X]

10 0 00 1
cs ot ol T, 00
00 11 0 10

) A A - - q
Forback natrix CI\NU : I_ 2 C 2 X] Al

() 2-1/2 3/2 : O O 1 : O O /2 : 3/5 -7/5 -1/5
0 () 2.31/2 . 1 00 :1/2 0 O : 13/5 -2/5 -1/5
-1 1/2 /4 10 10: -1/5 4/5 2/5 2 =1/5 475 275

(1/2){o 0 11 = co O 1/2]

-
[+
=
(e 1]
1

(1/2)4t1 0 o01-rto1co O 1/21y = c1/2 O 03
row,C = (1/(5/4)¢{0 1 01-C| 1/1? 0 0 1
1/2 0 ;ji
= (4/5)¢0 1 01-[1/4 O -1/21}
= (4/5)[-1/4 0 1723 = C|/5 4/5 2/5]

]
o
-
[ ]]
11
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row X =
rowex =

rov. X =

astiy AT

MinAneIRTI3d8u A~

3.6 (

3.6 {¢)

OR 205 (H)

rowsc

= CG1/5 4/5 2/51

-2/5

-7/5

375

375
-1/5

2 -1 2

1/3
2/5
-2/15

-1/5]

~1/5]

~-2/5
4/5

'—\
o &

-7/5

173

-1/5
1715

o
(o2}

o 0 1/21-C-1/2

I

-

-1/5
-1/5
2/5

-1/3
0
1/3

3/5

~-1/5

£1/2 0 01-«1/2)C-1/5 4/5 2/51
f1/2 0 O01-c-1/10 a/5 1/51

(1/5)

(1/15)

-2/5

4/5

2/5
3 -7
3 -2
-1 4
5 5
6 -3
-2 1

-1
-1
2

35



-6/5 3/10 4/5 9/10 -12 3 6 9
A= 0 172 0 vz |=anm| 0 5 0 5
-3/5  -3/5 2/5  1/5 6 -6 4 2
2/5 -1/10 -1/10 -3/10 4 -1 -1 -3
}
3.8 (b 1 0 -2 1
A=1]0 2 0 4
3 0 -1 0
0 -1 -1 0
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~

. A A a
Forback nmatrix CL\U ¢ I ¢ C ¢ X] A&

3 0-1/3 0 :0 01 0: 00 1/3 0 :-2/7 1/14 37 1/7
0;0 0 23:0100: 01/20 0 : /7 -3/14 ~2/7 -10/1
1 0 -5/8 -3/5:1 0 0 0:-3/5 0 1/5 O :-6/7 3/14 2/7 3I7
0-1 -1 @:o O O 1:-3/7 5/14 1/7 5/7:-3/7 5/14 1/T 5/7
1) ]
row,.€¢ = (1/)f0 0 1 01 = CO O 1/3 01

row { = (1/2){[0 1 0 O1 =~ [olto O 1/3 o1

= co 1/2 0 01 0 13 0
rov.¢ = [1/(-5/31{1 00 o01- 01 01[2 172 0 01}
= (-3/5[1 0 -1/3 01 = ¢-3/5 o 1/5 01
0 0 1/3 @
row,C = [1/(7/§)14[0 0 0 13 -[0 -1 -11{ @ 1/2 0 |}
-3/5 0 1/5 0
= (5/T)[-3/5 1/2 1/5 11 = c-3/7 5/14 17 5/7T]
rov, X = row,C = C-3/7 5/14 1/7 5/7]
row X = CG3/5 0 1/5 01 - [-3/51[-3/7 5/14 1/7 5/7]
=c-3/5 0 1/5 01 - [8/35 -3/14 -3/35 -3/7]
= C6/7 3/14 277 3T
rov,X = CO 172 0 01 - CO 2} -8/7 3/14 2/7 3/
[-3/7 5/14 17 5/1/-
= CO 1/2 0 01 =~ C-6/7 10/14 2/7 10/7]
= [6/7 -3/14 -2/7 -10/7]
6/7 -3/14 -2/7 -10/7

rov.X = CO 0 1/3 01 = CO -1/3 01 L gfyT 8/if 24773/%/7

= CO O 1/3 0} - [2/7 -1/14 -10/105 -1/7]
= CG2/7 17114 37 1N

OR 205 (H) 37




-2/7 1/14 3/T 17 - 416 2
6/7 ~3/14 -2/7 -10/7 12 -3 -4 .20
A= | -8/ 314 2T T | = /e | <12 3 4 6
-3/7 5/14 1/7  5/7 -6 5 2 10

MENANEINTIIFAUIT ALY = 1
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